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1.0

AN/URC-78(XE-1)/V RELIABILITY PREDICTION

INTRODUCTION

This report presents the method, bases and results of the final reliability
prediction performed on Cincinnati Electronics'! URC-78 equipment design,
The predicted MTBF for the three system configurations is 9, 515 hours for
the Manpack, 1, 925 hours for the Vehicular and 1, Y25 hours for the

Airborne,

This report updates the 17 July 1973 submittal. it reflects the anticipated

design changes needed {or the production model,

The description of equipment and operating conditions used are preserced
in paragraph 2,0, sources of failure rate data in paragraph 3.9, and the

reliability model in paragraph 4,0,

EQUIPMENT AND OPERATING CONDITIONS

The reliability prediction was performed on throe system configurations

of the Ult ra-Reliable VHF-FM equipment. Common tc all three systems

is the receiver-transmitter, The airborne system contains an additional
applique unit and the vehicular system contains 1 40 Watt power amplifier,

a vehicular antenna, a vehicular applique and the receiver-transmitter, The
prediction for the URC-78 system is based on the anticipated production

model design,

N e i - s
e o SRR g ey

o KO U %

X STy T
T T I T

EERNE S R SURE 2t T I N Y

e i, N2

i
i
t
X
‘



RTINS AT T e, T e

B-taci =l

B S L O S B

Operating conditions used for the equipments for prediction purposes were
as follows:

(a) Equipment ambient Temperature:

Manpack - 50°C
Vehicular - 50°C
Airborne - 50°C

(b) Resulting part ambient temperature as determined by thermal analysis:

Manpack ~ 65°C
Vehicular - G65°C
Airborne - 70°C

(c) Equipment operation-continuous with following functional duty cycles:

Manpack Vehicular
Receive 90% 907,
Transmit 10% - 10%
Tune Cyc.e 0.5% N/A
Reeeive Band Operation each 307 each 30%
Xmit Band Operation each 5% each 5'%
40 Watt Power Amplifier N/A 9%
5 Watt Power Ar‘nplifier N/A 1%
Guard Receiver N/A N/A
Homiag Receiver N/A N/A

Airborne

907
107%
N/A
cach 30%
each 5%
N/A
N/A
80
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Manpack Vehicular Airborne
Manpack yenlcular Alrborne

Self Test N/A N/A 1%

‘ Preset Switch 5% 5% .5%

F Secure Transmission 5% 5% 5%

r Sceure Retransmit 27 2% 2%

"’ Preset/Manual 75%/25% 757%/25% 75%/25%

The duty cycles shown in the stress analysis sheets were obtained from the

above duty cycles. In some cases, duty cycles were combined when the
same circuitry was used for two different functions, such as the secure

functions operational modes. In these modes the IF erystal filter operational

duty cycle is added to the normal operational duty cycle, Many parts have
a 1007 duty cycle, These are parts to which power is supplied continuously

and, therefore, are continuously stressed regardless of the mode of operation,

- Therefore, the operational duty cycles are masked by the ¢ontinuous power
operation,
3.0 FAILURE RATE SOURCES

The following sources were used for the part failure rates shown on the

detailed stress analysis forms in the appendices,
1, All discrete type parts except Established Reliability resistors and

capacitors - MIL-HDBK-217A,

2. Varactor Diodes - Cincinnati Electronics Reliability Test Data
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4.0

3. Hybrid Microcircuits Proposed MIL-HDBK-217B Hybrid Failure
Rate Model as Bupylied by USAECOM,

4, Monolithic Integrated Bipolar Microcircuits - RADC;TR-67— 108,
Volume I and RADC-TR-69-350 (Appendix V).

5. Established Reliability Resistors and Capacitors -~ MIL-STD-199
and MIL-STD-198, respectively.

6. MOS LSI, MSI and CMOS - USAECOM,

RELIABILITY MODELS

The reliability models for the three system configurations are shown

in Figures II through IV, These models show the equipments as straight
series models and assume any one part failure will cause a failure of the
equipment to perform its intended function(s). Thercfore, the individual
functional usage is includedin each block failure rate by the duty cycle which
the parts associated with the function are stressed, These block failure
rates are for the operational duty cycles given in paragraph 2,0. The duty
cycle of each part in each block is shown in Appendix I through III to this
report which contains the detailed back-up for failure rate determination
of each part in the equipments, The blocks in the diagrams are directly

related to this detailed back-up by block title,
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5.0 COMMENTS ON RELIABILITY PREDICTION
A comparison of this prediction as calculated in this report with that
presented in the "Interim Reliability Prediction and Math Mode'< Report",

dated 3 August 1972, is tabulated below for each of ihe system configurations:

MTBF COMPARISON

3 August 1972 20 March 1974
Manpack System 9,452 hrs 9,515 hrs
Vehicular System 1,233 hrs 1,925 hrs
Airborne System 1,433 hrs 1,925 hrs

As shown by this comparison, the present predicted reliability for all three
of the system configurations exceeds the original predicted reliability

which was based on an optimistic conceptual paper design, This is believed
to be a noteworthy accomplishment since Cincinnati Electronics? experience
in past radio developments has shown that the design concepts usually

: envisioned for an equipment at the start of a developmznt program have a

; nasty habit of growing in complexity during developrment resulting in a

4 lower MTBF than initially predicted, It is recognized that this predicted

MTBF is not necessarily the "proof of the pudding'; however, the unique

reliability program followed for this development, which maintained a

constant awareness on the need for a highly reliable, low life cycle cost

T A TR F N TR T WOF
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equipment on all cognizant desigh and managewment personnel, hag

resulted in an equipment which exceeds its original design expectations.

Table I is a list of the major part types contained in the equipment versus

the total failure rate per part type and the percentage of the total failure

rate represented by that particular part type for each of the equipment
configurations, For the manpuck configuration of the equipment, the

highest failure rate components are the hybrid circuits, which make up
approximately 437 of the total failure rate., However, in the other two
conligurations of the equipment, this percentage is reduced to approximately
16 to 17% . As shown in the appendices to the report, hybrids and many

other part failure rates are based on the use of screened ¢v established
reliability parts, However, for the vehicular and airborne configurations

of the equipment examination of Table 1 shows other part categories,

with failure rates that are not based on sereened or established reliability
type parts, are equal to or exceed the hybrid circuit failure rate. For example,
the percentage of total failure rate in the vehicular and airborne configuration
lor inductors is 16, 6% and 18, 7567 respectively, Both exceed the hybrid circuit
failure rate percentage of 16, 85% and 17. 765, 'This strongly suggests that
selective sereening of certain part types would be a valid method for

reliability improvement. However, implementing this

-9-
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TABLE I - PART TYPE FAILURE EATE PERCENTAGE OF TOTAL

e - >

;“gfgggck Vehicular Airborme
Part Type FR x LO‘G % Total | FR x 1()'6 % Total| FR x 10-6 % Total

Diodes 7.796800 7.42 46.547250 8.96 ©5.152650 } 12.54

Varactors 5.880000 6.60 42.,000000 8.09 30.240000 5.82

Hybrids 45.727150 | 43.51 89.934710| 16.35 92.242820 | 17.76

Filters 1.224000 1.17 7.344000 1.41 15.504000 2.98

Resistors Car. 0.095460 0.09 0.3107301 0.06 0.340832 0.07

Resistors W.W. 0.274005 0.26 2.180700 0.42 1.813800 0.35

Recistors Film 0.024840 0.02 0.240000 0.05 0.252000 0.05

Resistors Var. 1.169€¢00 | 1.11 5.000000 0.96 15.000000 2.89

Capacitors Tant. 0.689895 0.66 0.881480 0.17 0.966120 0.19

Var. taps. Cer. 0.032400 0.03 0.043110 0.01 0.067000 0.01

Mica Capacitors 0.000561 .01 0.009975 .01 0.005940 .01

¢ . NPO Caps. 0.020403 0.02 0.i23200 0.02 0. 140000 0.03

Var. Glass Caps. 0.00 0.00 0.930000 0.18 0.00 0.00

Capacitors Glass 0.00 0.00 0.00039% .01 0.00 0.00

‘ Capacitors Cex. 0.055652 0.05 0.378415 0.07 0.453295 0.09

E Inductors 9.299999 9.45 86.193199| 16.60 97.441999 | 18.75

E Transformers 4,200000 4.00 33.560000 6.48 37.020000 7.13

5 Transistors 1.672050 1.59 53.989120 j 10.39 37.010640 7.12

%s Relays 1.704920 1.62 64.850500 | 12.49 35.471500 6.33
é Connectors 0.222582 0.21 0.672182 0.13 0.512910 0.10 j
Eﬂ Pinlites 0.175000 0.17 35.000000 6.74 35.000000 6.74 |
‘ Switches 0.,188880 0.18 6.866100 1.32 1.244880 0.24 ;
Fuses 0.100000 0.10 0.300000 0.06 0.200000 0.04 i
Monolithic IC's 19.347664 | 18.41 33.958800 6.54 39.595080 7.62 9

' Thermistors 0.00 0.00 0.027000 .01 G. 300000 0.06

M er 4.554000 4.33 12.948170 2.49 13.545000 2.61

Ao
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: N improvement could adversely impact life cycle costs, Therefore, a
complete analysis of screening versus life cycle cost is being conducted
and the results of this analysis will be included in the Final Life Cycle
, Cost Analysis Report.
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APPENDIX I

STRESS ANALYSIS - MANPACK
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APPENDIX ITI

STRESS ANALYSIS - AIRBORNE
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APPENDIX 1V

HYBRID CIRCULT AND *pg COMPUTATIONS
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HYBRID MICROCIRCUIT FAILURE RATE MODEL DEFINITIONS

Fallure rate due o substrate and film processing.
Area of the substrate.

Number of conductor paths.

Number of resistors.

Number of flyilng leads.

Number of lead terminatiouns

Total complexity

Complexity Term.

Package base failure rate.

Packuge faillure rate adjustment factor.

Film resistor failure rate.

Number of film resistors of a given tolerance.
Number of wounolithlc integrated civcuits of a given type,
Monolithic integrated circuit fallure rate,

Number of transistors of a given type.

Transiscvor failure race. |

Number of diodes of a given type.

Diode faflure rate.

Number of chip capacitors.

Failure rote for chip capacitors.

Ape Spe  Sum of discrete chip device failure rates.

ApPR
Npg

Number of conventionally packaged resistors of a giveun type.
Packaged resistor failure rate.
Number of coils of a given type.

Coil failure rate.

Lhep Nep Sum of conventionally packaged device failure rates.
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Base failure rate.
Hybrid failure rate,
Temperature factor.
Quality factor.
Environmental factor.
Screening factor.
Base failure rate.

Hybrid failure rate.
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. HYBRID MICROCIRCUIT FAILURE RATE PREDICTION
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¥ . HYBRID MICROCIRCUIT FAILURE RATE PREDICTION
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H¥BRID MICROCIRCUIT FAILURE RATE PREDICTION
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HYBRID MICROCIRCUIT FAILURE RAYTE PREDICTION
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION
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HYBRID MICROGC. RCUIT FAILURE RATE PREDICTION
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. HYBRID MICROCIRCUIT FAILURE RATE PREDICTION
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HYBRID MICROCIRCUIT FAILURE RATE PREDICTION
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. HYBRID MICROCIRCUIT FAILURE RATE PREDICTXON
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HYBRID MICROCIRCUIT FAXLURE RATE PREDICTION
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. HYBRID MICROCIRCUIT FAILURE RATE PREDICTION
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. HYBRID MICROCIRCUIT FAILURE RATE PREDICTION
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. HYBRID MiCROCIRCUIT FAILURE RATE PREDICTION
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RADC AND MIL-HDBK-217B COMPUTATIONS
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MIXER FAILURE RATE - MD6 (x 10~8)
217A (7.4.11, 7.7.9)

8 §SI Diodes TN = 457 (MP, V) , .486 (A)

2 Transformers
MP (8) (.371) (1.5) + (.2) (1.5) (2) = 5.06
v (8) (.371) (3.5) + (.2) (10) (2) = 14.38
A (8) (.395) (3.5) + (.2) (10) (2) = 15.05

CRYSTAL FILTER FAILURE RATE (x 10~9)
217A (7.12-3, 7.7.9)

376252, 376251, 376652
4 Crystals
2 Transformers

MP (4) (.02) + (2) (.2) (1.5) = .68
v o (4) (.02) 4+ (2) (.2) (10) = 4.08
A (&) (.02) + (2) (.2) QQ0) = 4,08
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Form 2626

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT TCXO - 376153

Ag (Area of Circuit in Square Mils)
Number of Layers of Metalization

N (Number of Package Leads)

*1, (Base Failure Rate)

=~ (Complexity Factor)

*Q (Quality Factor)

~N O UV N

= (Environmental Factor)

, Ag = 2500
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()

- b {.0a} = , N> 14

(M) 2
(v) 7
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Form 2625
‘ INTEGRATED MICRCCIRCUIT FAILURE RATE PREDICTION
MICROCIRCUIT Divide By 20 - 376152

1 Ag (Area of Circuit in Square Mils)

2 Number of Layers of Metalization

3 N (Number of Package Leads)

4 “p (Base Trailure Rate)

5 =¢ (Complexity Factor)

6 =g (Quality Factor)
: 7 =g (Environmental Factor)
IM = {.023H H }/2500 = , Ag 2 2500
1 2
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‘ x o= 2 +{ - 16} .04} = , N> 14

Pe 3
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Form 2625

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT 377656

1 Ag (Area of Circuit in Square Mils)
2 Number of Layers of Metalization
3 N (Number of Package Leads)
4 *p (Base Failure Rat -}
5 =¢ (Complexity Factur)
6 =g (Quality Factor)
7 =g (Environmental Factor)
I = {.023H H j72500 = , Ag 2 2500
1 2
= 0, Ag<2500
xPC = 2 +{ - b .os} = , N> 14
3
= 2, N £14
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Form 2625

MICROCIRCUIT 377657
1 Ag (Area of Circuit in Square Mils)
2 Number of Layers of Metalization
3 N (Number of Package Leads)
4 ™p (Base Failure Rate)
5 =¢ (Complexity Factor)
6 *q (Quality Factor)
7 =g (Environmental Factor)
M = {.023]{ H } /2500 = , Ag 2 2500
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= 0, Ag<2500
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INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION
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Form 2625

INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT 377658

Ag  (Area of Circuit in Square Mils)
Number cof Layers of Metalization

N (Number of Package Leads)

(Base Failure Rate)

2c  (Complexity Factor)

*Q (Quality Factor)
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INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION
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INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION
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INTEGRATED MTCROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT _ CA3020

A (Area of Circuit in Square Mils)

1 a
2 Number of Layers of Metalizatiomn
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4 *p (Base Failure Rate)

5 =c (Complexity Factor)
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INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION

MICROCIRCUIT MC15906G
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Ag (Area of Circuit in Square Mils)
Number of Layers of Metalization

N (Number of Package Leads)

*p (Base Failure Rate)

= (Complexity Factor)

*Q (Quality Factor)
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Form 2625
INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION
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Form 2062%

INTEGRATED MICROCIRCULIT FAILURE RATE PREDICT.ION

MICROCIRCUIT CA3078
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INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION
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L INTEGRATED MICROCIRCUIT FAILURE RATE PREDICTION
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